Acinetobacter in surface waters are a major concern because of their rapid development of resistance to a wide range of antimicrobials and their ability to persist in these waters for a very long time. Four surface water isolates of Acinetobacter having both multidrug-and multimetal-resistant ability were isolated and identified through biochemical tests and 16S rDNA sequencing. Based on these analyses, two hemolytic isolates were affiliated with Acinetobacter haemolyticus with an accession number of X81662. The other two non-hemolytic isolates were identified as Acinetobacter johnsonii and Acinetobacter calcoaceticus and affiliated with accession numbers of Z93440 and AJ888983, respectively. The antibiotic and heavy metal resistance profiles of the isolates were determined by using 26 antibiotics and 17 heavy metals. Acinetobacter isolates displayed resistance to β-lactams, cephalosporins, aminoglycosides, and sulfonamides. The hemolytic isolates were found to show resistance to higher numbers of heavy metals than the non-hemolytic ones. Due to a possible health risk of these pathogenic bacteria, a need exists for an accurate assessment of their acquired resistance to multiple drugs and metals.
INTRODUCTION
The control of hospital-acquired infection caused by multiple-resistant Gram-negative bacilli has proved to be a particular problem during the past two decades. Among them, it is now well-recognized that Acinetobacter spp. play a significant role in the colonization and infection of patients admitted to hospitals. Acinetobacter spp. are a major concern because of their rapid development of resistance to a wide range of antimicrobials, ability to transform rapidly, surviving desiccation, and persistence in the environment for a very long time. The organisms are associated with bacteremia, pulmonary infections, meningitis, diarrhea, and nosocomial infections with mortality rates of 20 to 60%. Transmission is via person-to-person contact, water and food contamination, and contaminated hospital equipment. The increasing virulence and rapid development of multidrug resistance by these organisms highlights the need to search for alternatives for chemotherapy (Doughari et al. ) . In the past, Acinetobacter spp. were considered saprophytes of little clinical significance (Bergogne-Berezin & Towner ), but with the introduction of powerful new antibiotics in clinical practice and agriculture and the use of invasive procedures in hospital intensive care units, drug-resistant hospital-and community-acquired Acinetobacter infections have emerged with increasing frequency (Doughari et al. ) . A. baumannii is an important emerging nosocomial pathogen worldwide, followed by (ABC). ABCs have emerged as healthcare-associated pathogens, in part because they are resilient bacteria with a diverse natural habitat. Not only can they survive in moist environments, but they can also survive for weeks on dry surfaces (Jawad et al. ; Doughari et al. ) . Outbreak investigations have demonstrated that environmental contamination with ABC can be widespread and serve as sources of infection (Scott et al. ) .
The use of drugs in human and animal healthcare has resulted in the widespread development of resistance not only in humans and animals, but also in the environmental reservoir. Data on the prevalence of multidrug-and heavy metal-resistant Acinetobacter in surface waters are necessary to estimate the risk of these surface waters to humans. The risk of human exposure to multidrug-resistant bacteria outside a clinical setting is increasing (Ye et al. ; Hu et al. ) . Antibiotic-resistant bacteria excreted by humans and animals treated with antibiotics end up in the environment, for instance with the discharge of untreated or partially treated sewage or runoff of manure. Thus, the environment can be considered a collecting vessel of antibiotic-resistant bacteria and resistance genes from human and animal origin.
Moreover, water and soil may represent selective pressure through heavy metal polluted environments where resistance genes can be transferred among bacteria from different origins, among which are environmental bacterial species (Endo et al. ) . This may result in the creation of novel combinations of bacterial species and specific antibiotic and heavy metal resistance genes (Ozer et al. ; Aktan et al. ; Koc et al. ) . People may become exposed to bacteria in surface waters and soils during recreation in contaminated water, when drinking inadequately treated drinking water, water from unprotected sources, or consuming fresh vegetables that have been either irrigated with contaminated surface waters or grown on contami- ). Therefore research into how dispersal of antibiotics and heavy metals affect the bacterial community in nonclinical settings is essential and urgent. The reason for this is that these settings can be a potential source for dissemination and development of antimicrobial resistance in pathogenic bacteria, which may find their way back into the human population. Therefore, surface waters have been suggested to play a role in the dissemination and development of antibiotic and heavy metal resistance in these bacteria (Reva & Bezuidt ) . The aim of this study was to characterize river isolates of Acinetobacter resistant to multiple drugs and heavy metals. Identification of the isolates was done by using biochemical tests and 16S rDNA sequencing. After determination of multiple antibiotic and metal resistance profiles, the isolates were further characterized in order to find out the locations of the resistance determinants. was used as a reference strain. Disk diffusion method was used to check the resistance or sensitivity of bacterial strains towards given antibiotics (Bauer & Kirby ) . Acinetobacter isolates were incubated for 24-48 h at 30 W C and the zone of inhibition was measured in millimeters. Antibiotics disks used in this study were amikacin (30 μg mL À1 ), amoxicillin/ CA (30 μg mL À1 ), ampicillin (10 μg mL À1 ), aztreonam (30 μg mL À1 ), bacitracin (10 μg mL À1 ), cefepime (5 μg mL À1 ), ceftazidime (30 μg mL À1 ), ciprofloxacin (5 μg mL À1 ), chloramphenicol (30 μg mL À1 ), erythromycin (15 μg mL À1 ), gentamicin (10 μg mL À1 ), imipenem (10 μg mL À1 ), netilmicin (30 μg mL À1 ), oxacillin (1 μg mL À1 ), pefloxacin (5 μg mL À1 ), penicillin (10 μg mL À1 ), piperacillin (100 μg mL À1 ), piperacillin/tazobactam (100/10 μg mL À1 ), rifampin (10 μg mL À1 ), sulbactam/cefoperazone (105 μg mL À1 ), tetracycline (30 μg mL À1 ), ticarcillin (75 μg mL À1 ), ticarcillin/CA (75/10 μg mL À1 ), trimeth-sulfa (25 μg mL À1 ), tobramycin (10 μg mL À1 ), and vancomycin (30 μg mL À1 ).
MATERIALS AND METHODS

Isolation of plasmid DNA
Plasmid extraction was carried out using the method 
Plasmid curing
Plasmid curing was carried out in order to determine the location (plasmid-borne or chromosomal) of the drug resistance marker(s). The curing (elimination) of the resistant plasmids was done using a sub-inhibitory concentration of 0.10 mg mL À1 of acridine orange as described by Akinjogunla & Enabulele (). Acinetobacter isolates were grown for 24 h at 30 W C in nutrient broth containing 0.10 mg mL À1 acridine orange. After 24 h, the broth was agitated to homogenize the contents and loop-fulls of the broth medium were then sub-cultured onto Mueller-Hinton agar plates and antibiotic sensitivity testing and plasmid analysis were carried out as previously described.
Transformation
Competent cells for transformation were prepared essentially Both A. haemolyticus isolates showed 98% 16S rDNA sequence homology with A. lwoffii (Figure 1(a) ). The two non-hemolytic isolates Sb01 and Fe10 were identified as A. johnsonii and A. calcoaceticus and affiliated with an accession number of Z93440 and AJ888983, respectively.
RESULTS AND DISCUSSION
The former non-hemolytic isolate showed 96%, and the latter non-hemolytic isolate showed 97% 16S rDNA sequence homology with A. haemolyticus (Figures 1(b) and 1(c)). The methods used in this study yielded reliable results with 100% agreement in terms of the correct classification of Acinetobacter spp.
Determination of multiple antibiotic and metal resistance profiles
Antibiotic-resistant Acinetobacter are a major public health concern since the bacteria can be easily circulated in the environment. In the present study, the antibiotic resistance profiles of Acinetobacter isolates showed that river isolates were resistant to multiple antibiotics ( Resistance to these antibiotics has hindered therapeutic management, causing growing concern throughout the world ( Heavy metal tolerance in the environment may contribute to the maintenance of antibiotic resistance genes by increasing the selective pressure of the environment. The river
isolates of Acinetobacter were also tested for their resistance to heavy metals such as Al 2þ , Pb 2þ , Li 2þ , Ba 2þ , Cr 3þ , Mn 2þ , Ag 2þ , Co 2þ , Fe 2þ , Hg 2þ , Cu 2þ , Sn 2þ , Ni 2þ , Zn 2þ , Sb 2þ , Cd 2þ , and Sr 2þ at different concentrations from 8 to 5,000 μg mL À1 .
The Acinetobacter isolates were found to have multiple metal resistance ability (Table 1) . Resistance to multiple antibiotics resulted in a general tendency to be resistant to multiple heavy metals except for the non-hemolytic isolate A. calcoaceticus Fe10 which only showed single metal resistance to iron. The other non-hemolytic isolate, A. johnsonii Sb01, was found to be resistant to heavy metals like silver, lithium, barium, nickel, strontium, and antimony. Almost all Acinetobacter isolates were found to be resistant to heavy metals like silver, lithium, barium, nickel, and strontium. Both hemolytic isolates showed resistance to a higher number of heavy metals than the non-hemolytic ones.
Although resistance phenotype determination is of paramount importance for clinical isolates, the tolerance to antimicrobial substances, even when these are below the resistance/susceptibility breakpoints, may represent a selective advantage for the organism in the environment (Faria However, microorganisms may develop resistance at their source, where antibiotic concentrations might be higher, or by acquisition of an antibiotic resistance gene was carried on a genetic element and transferred to that organism via exposure to a different chemical. For example, if a microorganism is in an environment contaminated with heavy metals, the organism may obtain a genetic element from other organisms that survive because they carry a gene responsible for resistance to those metals. If a gene responsible for antibiotic resistance was also present on the same element, it too would be transferred to the organism.
Plasmid DNA profiling, curing, and transformation
It is well known that antimicrobial resistance genes generally reside on extrachromosomal DNA molecule like plasmids. In order to find out the resistance determinants, river isolates of Acinetobacter were screened for the presence of plasmid DNA (Table 1 ). Our study showed that the isolates A. haemolyticus Mn12, Zn01, and A. calcoaceticus
Fe10 did not harbor any plasmid (Figure 2(a) ). The multiple drug and heavy metal-resistant genes of these isolates were found to be located on chromosomes. On the other hand,
A. johnsonii isolate Sb01 contained three plasmids with molecular weights of ca. 17, 42, and 117 kb (Figure 2(b) ).
Cured derivatives of A. johnsonii Sb01 isolate became susceptible to antimony, oxacillin, and bacitracin. The rest of the resistant ability of the cured derivative was found to be retained. In order to confirm these results the isolated plasmids were transformed into antimony, oxacillin, bacitracin-sensitive, plasmid-free and kanamycin-resistant derivatives of Escherichia coli DH5α by the calcium chloride method (Figure 2(c) 
CONCLUSIONS
The presence of antibiotic and heavy metal-resistant bacteria in surface waters used for recreation may pose a health risk.
Data on the prevalence of multidrug-and heavy metal-resistant Acinetobacter in surface waters are necessary to estimate the risk of these surface waters to humans. Our study revealed two hemolytic and two non-hemolytic surface water isolates. The antibiotic and heavy metal resistance profiles of these isolates displayed resistance to β-lactams, cephalosporins, aminoglycosides, and sulfonamides.
Almost all Acinetobacter isolates were found to be resistant to heavy metals like silver, lithium, barium, nickel, and strontium. Acinetobacter spp. are a major concern because of their rapid development of resistance to a wide range of drugs and heavy metals. The emergence of multidrug and multimetal resistance ability of Acinetobacter spp. also plays a crucial role in their in vitro and in vivo survival.
The antimicrobial selective pressure causes conversion of the sensitive species, either by mutation or by induced expression of resistance elements. These bacteria end up in surface water through the discharge of untreated or partially treated sewage mainly derived from industrial factories, healthcare centers, farms, slaughterhouses, and wastewater treatment plants. Importantly, once in the environment, bacteria of different origin come into physical contact and may exchange resistance genes with the endogenous bacterial populations. Despite the generally believed negative impact of acquired resistance on fitness of the bacteria, the multidrug-and multimetal-resistant
Acinetobacter spp. may remain present in the environment for a long time and pose a health risk, and need to be more accurately assessed.
